Introduction: Pharyngocutaneous fistula is the most significant complication after salvage total laryngectomy in patients who have received previous treatment with radiotherapy with or without chemotherapy. Objective: Our purpose is to review the fistula rate in radiated patients undergoing salvage total laryngectomy, to determine if the use of pectoralis major flap interposition reduces the incidence and duration of fistula, and to examine other risk factors. Methods: We made a retrospective review of patients undergoing salvage total laryngectomy for exclusively larynx cancer after failure of primary curative radiotherapy between 2000 and 2017. General data from patients, risk factors and other complications were analyzed. Results: We identified 27 patients whose mean age was 66.4 years, mainly male (92.5%). The primary closure group without pectoralis major flap included 14 patients, and the group with PMP closure included 13 patients. Pharyngocutaneous fistula was present in 15 patients (55.5%). Global pharyngocutaneous fistula rate was higher in the group of patients without pectoralis major flap compared with those where the flap was interposed (78.6% vs. 30.8%, p = 0.047). Also the pharyngocutaneous fistulas which need to be surgical repaired (64.3% vs. 7.7%, p = 0.03) and large pharyngostomes (64.3% vs. 0%, p = 0.0004) were present in a higher rate in the group closed primary without pectoralis major flap. We did not find other risk factors with statistical significance. Oral diet initiation (84 days vs. 21.5 days, p = 0.039) and the duration of hospitalization (98.3 days vs. 27.2 days, p = 0.0041) were much lower in patients with a preventive pectoralis major flap. Tw o patients died as a consequence of complications of large pharyngostomes. ଝ Please cite this article as: Gonzalez-Orus Alvarez-Morujo R, Pascual PM, Tucciarone M, Fernández MF, Encabo RS, Guirado TM. Salvage total laryngectomy: is a flap necessary? Braz J Otorhinolaryngol. 2018. https://doi.+Model 2 Gonzalez-Orus Alvarez-Morujo R et al.
Introduction
Total laryngectomy has proven to be a highly effective therapeutic tool in the treatment of advanced stages of laryngeal cancer. However, the management of advanced laryngeal cancer has changed over the past 30 years. Due to the emergence of organ-sparing strategies the use of total laryngectomy as a primary treatment in locally advanced cancer has significantly decreased over the last two decades. Combination therapy with chemotherapy and radiation therapy allow preservation of the larynx without a reduction in disease control compared with Total Laryngectomy (TL) with adjuvant Radiation Therapy (RT), as demonstrated by The Department of Veterans Affairs (VA) Laryngeal Cancer Study. 1 The results of the Intergroup Radiation Therapy Oncology Group 91---11 (RTOG 91---11) study contributed to validation of this organ preservation approach, and demonstrated the superiority of primary concurrent Chemoradiation Therapy (CRT) over induction chemotherapy-radiation therapy and RT alone. 2 However, there continues to be a substantial number of patients who need Salvage Total Laryngectomy (STL), owing to the fact that organ preservation rates are between 60% and 80% at 5 years, commonly due to persistent or recurrent laryngeal cancer, second primary tumors, and occasionally for laryngeal dysfunction or radionecrosis. It is well established that postoperative complications are higher in patients undergoing isolated radiotherapy or chemo radiotherapy. 3, 4 Pharyngocutaneous Fistula (PCF) is the most common complication after total laryngectomy. PCF imposes a great morbidity on patients. Among its consequences are an increase in hospitalization time, higher costs, as well as the delay in the beginning of adjuvant therapy. 5 Chronic obstructive pulmonary disease, previous hemoglobin < 12 g/dL, blood transfusion, advanced primary tumours, supraglottic subsite, hypopharyngeal tumor site, positive surgical margins or the addition of neck dissection are some of the risk factors attributed to pharyngocutaneous fistula. 6 Multiple studies have paid special attention to complications in wound healing of patients undergoing STL. 7, 8 Pharyngocutaneous fistula incidence following primary laryngectomy can be 9---25%, but can reach 14---57% in patients requiring salvage procedures. 9, 10 Wound healing in a previous irradiated neck region is often impaired because of widespread scarring, fibrotic tissue remodeling and altered perfusion of irradiated tissues. 3, 11 Many surgical techniques have been suggested to prevent this complication, and several authors have reported the use of non-irradiated tissue to reinforce the pharyngeal closure. The choices of donor tissue include Pectoralis Major Myofascial Flap (PMMF), Pectoralis Major Myocutaneous Flap (PMMC), or free flaps. These techniques allow incorporation of a less compromised blood supply tissue not previously irradiated and can improve wound healing with fewer complications. Nonetheless, the efficacy and indications for these approaches is not fully established.
The purpose of this study is to review fistula rates in patients undergoing salvage total laryngectomy and to assess the impact of pectoralis mayor muscle flap use in reducing fistula frequency and severity.
Methods
We present a retrospective review of patients with previous laryngeal cancer undergoing TL after having received definitive RT with or without chemotherapy between 2000 and 2017. The following exclusion criteria were applied: (1) patients with total or partial pharyngectomies that required an increased resection of the pharyngeal mucosa (hypopharyngeal cancers); (2) patients in whom a laryngectomy was performed in a previously radiated neck as a result of the treatment of a tumor of upper aerodigestive tract other than the larynx; (3) patient with partial surgery of the larynx who received complementary radiotherapy, experienced recurrence and underwent a salvage total laryngectomy; (4) finally, patients with a salvage partial laryngectomy who require a total laryngectomy afterwards.
We collected information regarding different variables: demographic (sex, age), clinical (location, tumour size, pathological node status, tumor stage, chemotherapy or not, time to rescue, associated diseases, anesthetic evaluation), biochemistry (haemoglobin, creatinine, total proteins), surgical (neck dissection, tracheoesophageal puncture, prior tracheostomy, pectoralis major flap), and histological (tumor grade). A minimal follow-up of 6 months after surgery was required. We classified the pharyngocutaneous fistula differentiating small punctate fistulas (<8 mm, Grade 1) from large pharyngostomes (Grades 2 or more).
Statistical analysis
Descriptive variables were summarized by mean values (SD) for continuous variables and number (percentage) for categorical variables. Chi-squared and Fisher's exact tests were used in univariate analyses. Unpaired Student's t-tests were used to compare means. p < 0.05 values were considered statistically significant.
Results
Out of 135 patients with TL, 34 had a prior history of radiation. We excluded 7 patients, so a total of 27 patients who underwent salvage total laryngectomy were included in this study. The mean patient age was 66.4 ± 10.3 years (range 43---84 years) and most patients were men (92.5%). Patient and tumor characteristics at diagnosis, comorbidities and prior treatment are shown in Table 1 . Mean time until salvage total laryngectomy was 18.2 ± 19.04 months (range 3---104 months). 81% of patients experienced progression or recurrence in the first 24 months, and 30% in the first year. We considered two groups based on the pharyngeal closure technique (primary closure with and without pectoralis major flap). The primary closure group without Pectoralis Major Flap (PMF) included 14 patients, and the group with the PMP closure included 13 patients. In the latter, 9 patients were Pectoralis Major Myofascial Flap (PMMF) and 4 Pectoralis Major Myocutaneous Flap (PMMC). Pharyngocutaneous fistula was present in 15 patients (55.5%), 6 of them with Grade 1 fistulas (22.2%), and 9 patients (33.3%) with large pharyngostomes (Grade 2 or more). In Table 2 are shown patients and tumor characteristics and association with fistula. We did not find statistically significant differences in relation to size, node status, tumor stage, location, previous treatment (chemotherapy or not), associated diseases, or levels of haemoglobin, creatinine or proteins. Likewise we encountered no significant differences in patients with neck dissection, prior tracheostomy, or tracheoesophageal puncture. The only variable that was significant was the interposition of a pectoralis major flap. Global PCF rate was higher in the group of patients without PMP comparing with those were the flap was interposed (78.6% vs. 30.8%, p = 0.047). Also the PCFs which need to be repaired with surgery (64.3% vs. 7.7%, p = 0.03) and large pharyngostomes (64.3% vs. 0%, p = 0.0004) were present in a higher rate in the group with primary closure without PMP (Table 3 ). Seven patients developed large pharyngostomes (more than 8 mm), all of them with primary closure without PMF. All these patients needed other reconstructive procedures, with a mean of 2.4 additional surgeries. Other postoperative complications included wound infection (7.4%), pneumonia (7.4%) and urinary sepsis (3.7%). Tw o patients died in the postoperative period due to the complications of large fistulas (7.4%), all of them with primary closure without PMF interposition: one with an massive haemorrhage at 58 days due to rupture of the carotid artery, and another that presented several episodes of bleeding, aspiration, with subsequent death at 60 days due to aspiration pneumonia. Although mean surgical time was higher in patients where the PMP was interposed, if we consider the surgical time including also all the procedures that were necessary to repair large pharyngostomes in the group of patients without prophylactic PMP, the average surgical time of each of these patients was longer. We also observed that oral diet initiation and length of hospitalization was shorter in the group with PMF closure (Table 4 ). 
Discussion
Pharyngocutaneous fistula remains a common complication following salvage TL, with profound deleterious effects on wound healing, nutrition, hospitalization duration, initiation of oral diet, cost and quality of life. Meta-analysis of risk factors contributing to fistula include tumor stage, concurrent neck dissection, prior tracheostomy, anemia, hypoalbuminemia, surgical margins, and others. 6, 7 Especially notable is the incidence, severity and duration of PCF in patients who received preoperative RT with or without chemotherapy. 12 A meta-analysis of 25 studies by Paydarfar et al. demonstrates a 2.28 times increased risk of PCP among patients who received radiation or CRT prior to laryngectomy. 7 Weber et al. published the outcomes of 129 patients in the RTOG 91---11 trial who needed STL, and the incidence of PCF was 30% in patients who underwent CRT, which was twice that seen in patients who failed radiation therapy alone. 13 This is the usual percentage of fistula that is normally established in the radiated patient, although we believe that it is generally higher, as in our study, which reached 55%. In many cases, it also depends on what is considered PCF by surgical teams, if they include only large pharyngostomes requiring surgical repair or also small punctiform fistulas that usually resolve spontaneously with compression alone. There are studies that suggest that complications are more common when STL is performed within the first year after RT, and also if neck dissection is performed at the time of laryngectomy. 3, 14 However, we did not see statistical differences between our patients where laryngectomy was performed in the first 12 months (60% vs. 52.9%, p > 0.05), nor in those where neck dissection was performed (60% vs. 54.5%, p > 0.05). However there is enough unanimity to consider that generally PCF's following CRT are more likely to need surgical repair than those that occur after primary total laryngectomy. 8, 13, 15 Radiotherapy and CRT not only kill tumor cells but also cause damage to other tissues, including blood vessels. After irradiation increases of intima thickness, proteoglycan deposition, and inflammatory cell infiltrate in medium-sized arteries is observed normally resistant to natural atherosclerosis process. 16 This explains the delay in healing and the greater formation of fistula. Several surgical strategies to minimize PCF following STL have been explored. Among those is the transfer of non-irradiated tissue in the form of a vascularized flap, which should aid wound healing and prevent fistula formation. The idea behind this concept is to reinforce the fragile suture line of the neopharynx and cover the previously irradiated soft tissue and mucosa with non-irradiated well-vascularized tissue. 11 In broad terms, surgeons have adopted two distinct techniques when using vascularized tissue following laryngectomy. First, vascularized tissue is employed to augment the pharyngeal circumference by a patch graft. With this technique, several studies have demonstrated to have a lower rate of fluid leak. 17, 18 Second, vascularized tissue to reinforce the pharyngeal repair. The idea is to reinforce the suture line by covering it with healthy muscle, anchored to the base of tongue, the pharyngeal constrictors, and the posterior wall of the trachea. Some studies using this technique have also observed lower fistula rate. 19, 20 Since its first description in 1979, the pectoralis major muscle flap has become a standard technique for the reconstruction of head and neck defects. It can be designed incorporating a skin paddle, Pectoralis Major Myocutaneous Flap (PMMC), or only muscle and fascia, Pectoralis Major Myofascial Flap (PMMF). There are several advantages to using the PMF in this setting. The muscle flap is generally harvested while the pharynx is being closed and thus adds minimal time to the length of the operative case. Being a regional rotational flap, the pectoralis does not require a separate reconstructive team or microsurgical experience, and also no comprehensive flap monitoring is needed that might otherwise be indicated for free flaps. However, we must also take into account the pectoral muscle flap morbidity. There are some studies that reflect the shoulder dysfunction when this flap is harvested, 21 negative consequences in the phonatory rehabilitation due the presence of muscle over the neopharynx, in addition to the cosmetic repercussions. Rarely, there may be difficulties in primary closure of the skin. We have not analyzed in our study the morbidity of the flap, although we believe that the advantages offered overcome the disadvantages.
Another controversy arises between using myocutaneous or myofascial flaps. There are several factors that may favor a muscle onlay technique with PMMF over an insetting technique with PMMC. Inserting a PMMC into the pharyngotomy can increase the length of the closure but also the potential length for fistula formation. A muscle onlay with PMMF reinforces the standard pharyngotomy closure with well vascularized fascia and muscle; perhaps, the vascularity of the pectoralis muscle may be more robust and reliable than the peripheral edges of the myocutaneous flap or a free flap, and thereby more capable of sealing off the pharyngotomy. Some studies reflect that the deep fascia surrounding the pectoralis muscle is rich in hyaluronan and can play an important role during earliest stages of wound healing. 22, 23 We have used both types of flap. Our decision has depended mainly on the length of excess pharyngeal tissue: if the length was enough to close primarily with a suitable circumference then we used a myofascial flap; if by contrast we thought that the pharyngeal closure was going to be narrow, then we used a myocutaneous flap. Generally we prefer the muscle onlay technique because of its simplicity. Several studies have compared fistula rates between utilization of PMMC and PMMF. Khan et al. 24 observed a leak rate of 26% in patients with myofascial flap, comparing to 33% in irradiated patients where a myocutaneous flap was used to reinforce the STL. Gilbert et al. 25 compared PCF rate with primary closure (45%), myocutaneous flap (28.6%) and myofascial flap (10.5%), reaching similar results. In our study we have not seen statistically significant differences between using PMMC (25%) and PMMF (33%).
Other alternatives are free flaps, mainly the radial forearm or anterolateral thigh flap. With both there is a minimal functional morbidity and patient complaints are primary cosmetic. However, we must take into account that microvascular techniques add time and requires identification and preparation of donor vessels in a previously-radiated field. Also necessary are the microvascular expertise, equipment and flap monitoring, compared to the simplicity of the pectoralis major flap. A large multiinstitutional study examined 359 patients, all with previous history of radiation, and the rate of fistula formation with primary closure vs. PMMF vs. interposed free flap. 12 They found that the fistula rate was 34% with primary closure, 25% in the free flap group, and the lowest for the pectoralis onlay group at 15%. Similar to other authors 12 we did not identify other factors that are commonly associated with fistula. We did not see statistically significant differences in the rate of PCF in patients with low levels of hemoglobin or total protein. We also did not see association in patients where chemotherapy was added to radiotherapy, those with higher tumor stage or with concurrent neck dissection. One explanation for this is that the use of vascularized tissue may mitigate the impact of these other factors on fistula development. Interestingly, we found that the fistula rate was practically twice in those patients with prior tracheostomy (80% vs. 41.2%), without a result statistically significant (p = 0.057). This may be due to the fact that the STL is carried out in a tissue not only radiated but also previously operated.
There are two systematic reviews that justify the use of vascularized tissue in STL. Paleri et al. 26 found that patients who have flap reconstruction/reinforcement reduced their risk of PCF by one-third. Similarly, Guimaraes et al. 27 analyzed the efficacy of pectoralis major muscle flap for PCF prevention in salvage total laryngectomy, and observed that there was a 22% decreased risk of fistula incidence when the flap was used. In Table 5 we collect other studies. We can observe how, similarly to other authors, the PCF rate is much lower in patients with a prophylactic pectoralis major flap (78.6% vs. 30.7%). It is striking that in spite of the systematic use of a pectoral flap for years we still have fistula rates superior to other authors. This may be due to the fact that we have considered any leakage, not only the large pharyngostomes that require surgical repair but also the small punctate fistulas that usually resolve spontaneously. On the other hand, when we compare the fistulas that had to be reoperated, we have the same results as in other studies, with much lower fistula rates when we use the flap (64.3% vs. 7.7%).
Despite this, one can argue that potential morbidity because of raising and inserting the PMF largely outweighs the morbidity of a possible pharyngocutaneous fistula. We, however, think that the morbidity of the flap is minimal if we consider the possible consequences of a fistula for the patient. When this flap is not initially interposed, we have observed in our patients that posterior surgical reconstruction is usually laborious and often unsatisfactory. Even being a rare event, large pharyngostomes can produce wound breakdown and damage to nearby tissue and blood vessels, including carotid artery blowout, as we saw in one of our patients, and become a lethal complication. In our study we have observed that the oral diet initiation (84 days vs. 21.5 days) and the duration of hospitalization (98.3 days vs. 27.2 days) is much lower in patients with a preventive flap. This is beneficial especially for the patient but also in terms of economic costs. When we talk about larynx cancer we should not forget what the patient's preferences are. 28 Patients should be informed about the cure rate of the different treatment options, and of course, the duration of the treatment. That is why we believe that the application of this policy is beneficial for both the surgeon and the patient. Although the prophylactic use of a PMF is not a routine in salvage total laryngectomy in most centers, we think that the impact of salivary leak on the morbidity, delay to oral diet initiation and hospital length of stay, justify the search for strategies to reduce its incidence.
The limitations of this study is that it is a retrospective study and not a double blind randomized clinical trial, in addition to the number of patients recruited because it is from a single institution. However, the results found in our patients are similar to those collected by other authors who recommend the preventive use of a PMF in patients undergoing TL previously irradiated. The main reasons we found to adopt this policy are: (1) Decrease in total number of pharyngocutaneous fistulas, of those that required surgical reintervention and large pharyngostomas; (2) surgical time is longer initially, however when we had not used PMF many patients had developed pharyngostomas that required complex reconstructions, and adding all those surgeries, on average the time in the operating room was longer; (3) less time to start oral intake; (4) shorter hospitalization time; (5) lower economic cost.
Conclusions
Our study shows that pharyngocutaneous fistula remains a serious complication following salvage total laryngectomy. The pectoralis major flap is useful for improving the outcome of this procedure, promoting faster healing and preventing major complications. The incidence of fistula was lower in patients who underwent a flap compared to patients where it was not done. Both time until resumption of oral diet and length of hospitalization stay was shorter in patients with prophylactic flap. For all this we should recommend its use in all salvage total laryngectomies, although it is necessary to design and carry out a well-designed randomised-controlled trial to eliminate confounding factors and establish its usefulness.
